Abstract Biopsies of lesions in the spine are often challenging procedures with significant risk of complications. CT-guided needle biopsies could lower these risks but uncertainties still exist about the diagnostic accuracy. Aim of this retrospective study was to evaluate the diagnostic accuracy of CT-guided needle biopsies for bone lesions of the spine. We retrieved the results of 430 core needle biopsies carried out over the past fifteen years at the authors' institute and examined the results obtained. Of the 430 biopsies performed, in 401 cases the right diagnosis was made with the first CT-guided needle biopsy (93.3% accuracy rate). Highest accuracy rates were obtained in primary and secondary malignant lesions. Most false negative results were found in cervical lesions and in benign, pseudotumoral, inflammatory, and systemic pathologies. There were only 9 complications (5 transient paresis, 4 haematomas that resolved spontaneously) that had no influence on the treatment strategy, nor on the patient's outcome. In conclusion we can assert that this technique is reliable and safe and should be considered the gold standard in biopsies of the spine.
Introduction
An accurate biopsy is essential in the diagnostic work-up of any neoplastic lesion, and even if modern radiological imaging techniques have a good predictive value in differential diagnosis, an histological examination is usually necessary to plan further treatment. Traditionally, open biopsy has been the gold standard for musculoskeletal lesions, providing adequate material for histological and immunohistochemical studies in most cases, resulting in a highly diagnostic procedure. However, in vertebral neoplasm, performing an open biopsy can be a difficult procedure with significant risk of complications [13, 14] .
Alternatively to open biopsy, percutaneous needle biopsy has gained popularity showing a good accuracy with a less invasive procedure. It is applicable to outpatients or day hospital patients, since general anesthesia is rarely required. Cost and time are inferior compared to open biopsy and there is less risk of tumor spread, infection and/or wound problems. In case of deep lesions, for example in the pelvis or spine, needle biopsies are challenging procedures [16] . In these cases, the aid of computed tomography (CT)-guidance has further increased accuracy, reduced complications and therefore has now become the procedure of choice [5, 8, 9, 11, [17] [18] [19] .
Purpose of this paper is to assess the diagnostic accuracy and clinical usefulness of percutaneous CT-guided core needle biopsy of vertebral lesions. Therefore, we reviewed 430 spinal needle biopsies performed at our institution over the last 15 years.
Materials and methods
From July 1990 to December 2005, 1068 CT-guided core needle biopsies of the appendicular and axial skeleton were performed at our institution and almost half of the cases (430) were performed on the spine. Demographic patient data and spinal locations of the biopsies are reported in Table 1 . Except for 7 children, all patients included in this study were adults. The size of the lesion (antero-posterior, transverse and cranio-caudal diameters) were between 0.5 and 2.5 cm in 31 lesions, between 2.5 and 3.5 cm in 363, and 3.5 cm or more in the remaining 36 cases.
A complete disease staging, usually with plain radiography, CT, MRI, and bone scan was carried out. In case of multiple lesions we always took the biopsy at the most easily approachable site and always tried to get at least two samples.
All biopsies were carried out with three different core needle biopsy sets: the Trap System Set (HS-Hospital Services S.p.A., Roma, Italy), the Craig-Kogler Set (Chiruma S.r.l. S.Giovanni in Persiceto, Bologna, Italy), and the small caliber Bonopty Insertion Set (Radi MS, Uppsala, Sweden). We used the small caliber set only when the site, the size or the approach did not allow for use of a larger needle. Table 2 sums up the types and features of the  different needles, and the numbers of biopsies performed  with each set. After informed consent obtained, all but seven biopsies were performed in local anesthesia. Seven children, between 5 and 10 years of age, underwent a general anesthesia. Local anesthesia was performed by infiltration of mepivacaine cloridate at 2% (5-15 cc).
The patient's position (supine, prone, lateral right or left) varied according to the segment of the spine affected and the site of the lesion in the vertebra. Whenever possible, the needle approach to the lesion was chosen according to a potential future surgical procedure, keeping the biopsy tract easily exercisable (Table 3) .
A scout-view radiogram was taken focused on the affected area. The setting of the thickness and interval of the slice was related to the site and the size of the lesion: usually 1 mm thickness and interval for the cervical spine, 3 mm thickness and 2 mm interval for the thoracic spine, 5 mm thickness and 3 mm interval for the lumbar and sacral spine, and 3 mm thickness and 2 mm interval for the coccygeus bone. Under CT-guidance the best insertion point, along the surgical line for the anatomical region, was selected and marked on the skin. Then the trocar is introduced, either over a K-wire, or parallel to a spinal needle, and the needle is inserted. In case of a coaxial technique, the trocar is left inside the lesion, in the other cases the trocar is withdrawn together with the needle. The needle positioning is done under sequential scans (Figs. 1, 2, 3) . A lower rate of milli-Amperes (mAs) was used for monitoring needle approach to the lesion, in order to reduce the patient's absorbed dose.
Samples were harvested from the lesion and sent to the pathologist in saline solution. In 31 cases, where an infection was suspected, a swab sample was collected for microbiology. The time required for the complete biopsy With this system the trocar remains positioned inside the lesion while multiple biopsies can be taken through the needle procedure, including the pre-biopsy CT, varied from 25 to 60 min (median 30). The diagnosis was always based on a combination of histopathological findings associated with clinical and radiological information. If the diagnosis was not consistent with the clinical and radiological findings, the case was reviewed in a multidisciplinary way by orthopaedic surgeons, pathologists and radiologists, and in case of a doubtful diagnosis the biopsy was repeated.
Results
The CT-guided needle biopsy resulted in a histological diagnosis of a tumorous or pseudotumorous lesion in 385 of 430 cases (89.5%). In 291 of these, the biopsy was followed by a surgical treatment in which the needle biopsy diagnosis was confirmed: 211 primary malignant, 56 benign tumors, 24 others (aneurysmal bone syst, simple bone cyst, histiocytosis X, Paget's disease of bone, synovitis). The other 94 biopsies (32 systemic malignant: Hodgkin lymphoma, Non-Hodgkin lymphoma, myeloma; 45 metastatic carcinoma; and 17 inflammatory lesions) were not followed by a surgical treatment. For these 94 cases the clinical course and response to the non-surgical treatment confirmed the accuracy of the biopsy results.
In 45 cases the procedure was not diagnostic. In 20 of these, (5%) the amount of sample tissue was insufficient. In 25 cases (6%) the obtained tissue was atypical (sclerotic bone, intramedullary fibrosis/sclerosis, blood cloths), but did not lead to a specific pathology diagnosis. All 45 cases underwent a second diagnostic procedure: an open biopsy in 5 cases (3 cervical spine, 2 thoracic spine) and a repeated percutaneous CT-guided core needle biopsy in 40
(1 cervical, 13 thoracic, 17 lumbar, 9 sacral lesions). In each of these cases, the second procedure was performed within 30 days from the first one. The diagnoses of the 5 open biopsies were: 1 giant cell tumor, 1 aneurysmal bone cyst, 2 lymphoma and 1 metastasis. Therefore, the first results were all false negatives. The 40 second CT-guided needle biopsies were performed aiming at a different part of the lesion. These biopsies resulted in 16 true negatives (1 cervical, 5 thoracic, 5 lumbar, 5 sacral lesions) and 24 false negatives (8 thoracic, 12 lumbar, 4 sacral).
In the 16 true negative cases the first diagnosis was confirmed but the sample further defined: stress fracture, osteoporotic fragments with bone reabsorbement, edema in irradiated bone, bone sclerosis or necrosis, subcondral cystic lesion in osteoarthritis. The true negative cases were followed-up by clinical and radiological controls for a period variable from 0.8 to 3.0 years and no diagnostic adjustments were made. The 16 true negative cases incremented the accuracy of the initial percutaneous needle biopsy from 89.5 to 93.3%. Table 4 shows the accuracy of CT-guided biopsies according to the different spinal segments. There were more false negative results in the cervical spine than in the thoracic, lumbar and sacral segments. Table 5 shows the accuracy rates based on the histological diagnosis. False negative diagnosis was more frequent in benign tumors, systemic malignant forms, inflammatory lesions, and pseudotumorous lesions, while in primary and secondary malignant lesions accuracy was relatively high.
Of the 31 cases in which swab samples were collected, 18 (58%) showed bacterial growth (14 bacterium of Koch, 3 Brucellosis and 1 Escherichia coli). In 13 cases (42%) no bacterial growth was detected.
Biopsy related complications were reported in 9 cases (2.1%): 5 transient paresis of lower limbs, 3 psoas muscle haematomas, 1 retroperitoneal haematoma due to accidental puncture of a lumbar vein that resolved spontaneously in one day. The nine complications neither affected the treatment strategy nor the overall patients outcome.
Discussion
The radiological study of spinal lesions, either infective, tumoral or of different nature, has been significantly improved by the contribution of CT and MR imaging. This improvement is essentially morphological and offers an excellent imaging of the anatomical extension as well as identification of the active parts of the lesion after constrast medium injection. The low specificity of these studies, however, hardly allows an etiologic diagnosis based on radiographical studies alone. For most spinal tumors and pseudotumorous lesions a histological study is therefore required in order to make a definitive diagnosis [3] .
Percutaneous biopsy of musculoskeletal lesions can be performed either by fine needle aspiration (FNA) or core needle biopsy (CNB). FNA needles have a diameter of less than 1 mm, whereas CNB needles have a diameter of more than 1.5 cm. At our institution we do not perform FNA biopsies. By this method of biopsy the architecture of the obtained tissue is not preserved and only cytological study is possible. This might make a histological diagnosis more difficult and less accurate. Furthermore, sampling errors may occur due to the small amount of material obtained [1, 4, 10] . In a recent review of FNA and CNB biopsies in 359 patients with muscoloskeletal lesions the accuracy of fine needle percutaneous aspiration biopsy is reported more than 60% but significantly inferior compared to the accuracy of core needle biopsy (more than 70%) [6] . In a more recent paper (only 50 cases and no biopsies performed in spine), FNA achieved a diagnostic accuracy rate of 88% for nature of the lesion, 64% for specific diagnosis, 78% for histologic grading, and 74% for histologic typing. CNB achieved an accuracy rate of 93% for nature of lesions, 83% for specific diagnosis, 83% for histologic grading, and 90% for histologic typing. Both biopsy methods have a higher diagnostic accuracy rate for high-grade tumors than for low-grade or benign lesions in determining the nature, specific diagnosis, and histologic grading [19] .
This study describes the diagnostic results of the 430 percutaneous CT-guided core needle biopsies that were performed on spinal lesions at our institution over the last 15 years. It is one of the largest studies on core needle biopsies of spinal lesions, and some interesting findings can be drawn from this series.
In the past, lower accuracy rates have been reported for CT-guided needle biopsies at the thoracic spine [9] . In our study however, accuracy rates were higher in the thoracic, lumbar and sacral tracts, and whereas the cervical tract has the lowest. The current series actually shows a decreased accuracy in the cervical tract and an increased accuracy in the thoracic and lumbar-sacral tract, when compared to a previous study performed at our institution in 1994 [15] . We think that the lower accuracy rate in the cervical tract can be correlated to the relatively smaller size of the lesions and difficulties in obtaining more than one core with a large single coaxial action needle. We underline that the results for the cervical tract in this study were based on a relatively small group of cases.
Also the histotype of the lesion seems to influence the accuracy of the percutaneous CT-guided needle biopsy. Other authors have previously described a tendency towards higher accuracy in metastatic lesions compared to primary bone tumors [8] . In our series most false negative results were found in biopsies of benign tumors, systemic malignant lesions, inflammatory lesions, and pseudotumerous lesions. The accuracy in malignant, primary and secondary, lesions was very high. Fibrotic, collagenous, deeply vascularized and sometimes colliquative are usually features more typical of benign, inflammatory, or systemic lesions, like colliquative tbc, aneurysmal bone cyst, hemangioma, whose thin membrane, endothelium or scattered nodules we probably missed in the first biopsy. Malignant lesions, on the other hand ususally contain more cohesive cells and stroma. Careful evaluation of the pre-biopsy imaging studies is necessary in order to get tissue from the viable part of the lesion: at the periphery, if the radiologic imaging suggests a sarcoma with central necrosis, in depth if the lesion is infiltrative malignant, in both bone and soft tissues if it has the aspects of an inflammatory process [2] . The goal is to obtain the sample as homogeneous as possible. In infectious lesions (osteomyelitis, spondylitis) the diagnosis can be difficult due to nonspecific histological features and frequent absence of bacterial growth in microbiology cultures, especially when the infection is chronic or when patients have been treated extensively with antibiotics. In systemic malignant disease (Hodgkin, Non-Hodgkin lymphoma and myeloma) the histological diagnosis can be difficult and is often based on immunohistochemical stainings. In some of our cases immunohistochemistry was negative in our first needle biopsy but positive in the second one. This might be due to a technical error during the needle biopsy, resulting in insufficient amount of sample tissue or non-diagnostic tissue. Also a prolonged decalcification during the histologic preparation of the obtained material could have resulted in negative immunohistochemistry. This could partially explain the false negative results in systemic malignant lesions. Overall, our results show that percutaneous CT-guided core needle biopsy has a high accuracy rate. A correct diagnosis was obtained with the first procedure in 401 of 430 cases (93.3%). Another 24 lesions were correctly diagnosed after a second needle biopsy. In 5 cases, after the first negative percutaneous needle biopsy, an incisional biopsy was preferred over a second attempt with CT-guided needle biopsy because it was considered a safer procedure with more chance of a diagnostic sample. This was the case in 3 cervical and 2 thoracic lesions that were difficult to approach with a needle because of the site and the small size (Table 5) .
Our results are consistent with the data in the international literature. Diagnostic accuracy varies from 70 to 93% [6, 7, 12, 15, 17, 20] . For high grade malignant bone tumors and metastasis, CT-guided needle biopsy has an accuracy of more than 90%, for low grade malignant and benign tumors around 80% [20] . Infections have a low accuracy rate (50%), especially when they are more cronical nonspecific than acute [6] . This study shows that the overall accuracy of percutaneous CT-guided biopsy can be considered similar to that of open biopsy [12] .
According to our experience, the accurace rate is influenced by the nature of the lesion, the site, and the radiologist's experience. If the diagnosis after a percutanous CT-guided needle biopsy is negative or the result is not consistent with the clinical suspect and/or radiological imaging, it is mandatory to repeat the needle biopsy or to carry out an open biopsy. Accuracy is further increased by a strict collaboration and communication among orthopaedic surgeon, radiologist and pathologist as well.
CT-guided percutaneous core needle biopsy is a fast, economic, and safe procedure. The diagnostic accuracy varies according to the site biopsied, type of disease, and operator's experience. The success rate is higher in malignant lesions, primary and secondary, and lower in inflammatory lesions, especially chronic ones. In cervical spine lesions, accuracy rates are lower compared to the rest of the spine. Overall, the false negative rates are low and can be further reduced by careful pre-biopsy studying of the radiological images.
Therefore in our institution the percutaneous CT-guided biopsy is considered nowadays the procedure of choice in the musculoskeletal lesions of the spine. However, if the histological diagnosis after the percutaneous biopsy is still doubtful or the result is not consistent with the clinical suspect and/or radiological imaging, the percutaneous needle biopsy should be repeated. Only in very few cases an incisional biopsy could be necessary.
